Objective: To evaluate the association between stunting in children and maternal short stature, controlling for potential environmental confounders. Design: 1988 Mexico National Nutrition Survey. Setting: Mexico Subjects: The ®nal sample size was 4663 pairs of children (`5 y) and their mothers (12 ± 49 y) from a total of 13 236 surveyed houses. Main outcome measures: Stunting (height-for-age Z-scores`7 2). Results: The prevalence of stunting in children was 19%, and 10% of the mothers exhibited short stature (`145 cm). In the crude analysis, mothers with short stature were signi®cantly more likely to have stunted children (odds ratio (OR) 4.0; 95% con®dence interval (CI) 3.2 ± 4.8; P-value`0.001). In a multiple logistic regression model the OR for child stunting was reduced, but remained signi®cant OR 2.0; 95% CI 1.6 ± 2.6; P-value`0.001) after adjustment for region, urbanarural residence, socio-economic status, household size, child age and presence of infection in the past 14 d, and maternal age, body mass index (BMI), and educational level. Adjusted ORs varied between regions (Mexico City, OR 3.9; North Mexico, OR 3.1; Central Mexico, OR 2.0; South Mexico, OR 1.6. Comparison of crude vs adjusted estimates pointed to regional differences in the proportion of association between maternal and child short statures explained by environmental determinants. Conclusions: Maternal stature, re¯ecting her potential height and early environment, appeared to contribute to child height independently of the shared risk factors that could affect stature. Nonetheless, we could explain much of the association between stunting in children and maternal short stature by environmental factors, and part of the residual variability may be due to unmeasured determinants. Regional differences pointed to a predominance of environmental factors in explaining child stunting in poorer regions.
Introduction
Stature is a heritable morphologic characteristic which can be considered the phenotypic expression of genetic endowment and childhood environment (Tanner, 1960; Jepson et al, 1994; Rivera et al, 1995; Martorell et al, 1988) . To the degree that mothers express their genetic potential, maternal height provides information about growth potential in the child (Tanner et al, 1970) . Nonetheless, the correlation between maternal and child stature may re¯ect not only shared genetic background, but also common environmental determinants that affect the mother during early childhood and maturation and subsequently the growth of her offspring (Kramer, 1987) .
In developing countries, environmental factors that impair the ful®llment of individual genetic potential for growth have important implications for understanding intergenerational patterns of malnutrition (Scrimshaw, 1995) . Availability of food, water supply and sanitation, and access to medical services determine physical and behavioral conditions that in¯uence child growth through the proximate determinants of inadequate dietary intake and infections (Pinstrup-Andersen et al, 1993; McGuire & Popkin, 1990) . We could de®ne a vicious cycle of malnutrition across generations as follows (UNICEF, 1998) . A mother may not express her genetic potential if she experienced an adverse environment during infancy. This can be re¯ected in her adult size and her metabolic status (Martorell et al, 1994 (Martorell et al, , 1998 Martorell, 1996; Rao, 1984) . Women with short stature will be at higher risk of having low birth weight (LBW) infants as a function of at least three factors: genetic heritage, physical mechanisms such as sub-optimal *Correspondence: S Herna Ândez-Dõ Âaz, Department of Maternal and Child Health, Harvard School of Public Health, 677 Huntington Ave, Boston, MA 02115, USA. Guarantor: S Herna Ândez-Dõ Âaz. Contributors: SH-D was lead author responsible for formulating the research questions and analytic strategy, conducting the analysis, and writing the manuscript; KEP worked in close collabortion with the ®rst author in de®ning the hypothesis, interpreting the results and writing the manuscript; SD worked with the ®rst author from the early stages of the project, contributing to the hypothesis de®nition and to the analysis plan; BH participated substantially in the interpretation of the results in the preparation of the manuscript; SP provided input in writing and through group discussion at the analysis and interpretation stages; SB contributed substantially to the interpretation of ®ndings in the context of the literature on nutrition transition and intergenerational patterns; JS was responsible for the design, conduct and overall supervision of research emanating from the 1988 Mexican National Nutritional Survey, in coordination with JAR; JAR contributed substantially to the design and analytic strategy as well as interpretation of ®ndings in the context of the literature on nutrition transition and intergenerational patterns.development of her pregnancy-related anatomical systems (Kramer, 1987; Kramer et al, 1990; Gonzalez-Cossio et al, 1998; World Health Organization, 1995b; Ramakrishnan et al, 1999) , and metabolic mechanisms like maternal circulating glucose levels (Lowy, 1994; Barker, 1994) . Infants with LBW in turn are at risk for poor growth during childhood (World Health Organization, 1992; Gayle et al, 1987; Binkin et al, 1988) and may become small mothers (Falkner et al, 1994) . However, the chain of poor potential growth ful®llment may be ameliorated, particularly if the problem is identi®ed at an early stage and proper actions are implemented. In individual children, provision of nutrients and control of infections may permit partial post-natal catch-up growth in LBW infants (Strauss & Dietz, 1997; Villar et al, 1984; Golden, 1988; Martorell et al, 1994) . At the population level, secular trend data indicates that increased access to food supplies and decreased burden of infectious diseases result in gains in phenotypic stature that may be observed over generations (Hauspie et al, 1996; Ulijaszek, 1994) . Improvements in socio-economic status from one generation to another would, however, allow the child only to partially ful®ll his genetic potential, since small maternal size may have blunted post-natal growth through intra-uterine restriction and endocrine imbalance. Therefore, several generations of an improved environment during childhood may be necessary to discern the real in¯uences on stature mediated through maternal genetic factors.
The epidemiological transition is a theory described ®rst by Omran, characterized by socio-economic changes associated with a shift in mortality and morbidity (Omran, 1971 (Omran, , 1983 . In the developing countries of Latin America, this transition is characterized by a slow decline in the prevalence of undernutrition and infectious diseases, coexisting with an increasing prevalence of obesity and other chronic diseases (Bobadilla et al, 1993; Omran, 1983) . Greater, more rapid economic development in higher social classes may result in disparities in health status across socio-economic strata. Such disparity has been termed epidemiologic polarization (ACCaSCN, 1993) . In the late 1980s Mexico under went heterogeneous economic development across regions in different stages of the epidemiologic transition (Sepu Âlveda-Amor et al, 1990) . Previous reports summarizing the nutrition situation in Mexico identi®ed patterns that vary among different geographical areas: a prevalence of obesity in the North, underweight in Central Mexico and short stature in the South Sepu Âlveda-Amor et al, 1990; Herna Ândez et al, 1996) . Regional differences in nutritional parameters were explained largely by differences in socioeconomic factors . To the extent that prevalent outcomes re¯ect epidemiological polarization, the correlation of stature within mother ± child pairs may have also been in¯uenced to varying degrees among regions.
In this report, our primary aim is to describe the association of child stunting with maternal short stature, both crude and adjusted for post-natal environmental determinants of child stature. We hypothesized that part of the association between maternal and child short statures can be explained by socio-economic determinants. By means of a regional strati®cation of the analysis, we also attempt to provide evidence of variability in the relevance of environmental risk factors for poor growth across regions. Higher association may be expected in regions with favorable economic conditions, where stature in both mother and child may better re¯ect genetic potential (Tanner et al, 1970 , Martorell et al, 1977 .
Methods
In 1988 the Secretary of Health of Mexico carried out the National Nutrition Survey (ENN) as a part of the larger National Health System Surveys. The multi-stage, strati®ed sampling design used in this cross-sectional survey ensured that the results were representative of the four regions of the country: Mexico City and North, Central and South Mexico. The sample for this study consisted of 7426 children less than 5 y of age and 19 278 women between 12 and 49 y of age from a total of 13 236 surveyed houses, with a non-response rate of 19.9%. Detailed information on sampling design, calculation of sample size, data collection and data entry phases of the survey has been given elsewhere , Sepu Âlveda-Amor et al, 1990 . Mothers and children were matched, yielding 5083 pairs. We excluded 420 pregnant women who had statistically signi®cant differences in weight, a control variable in these analyses, compared with non-pregnant women. In order to exclude aberrant values for children's height or weight, observations of height-for-age and weight-for-height Zscores out of the 1 ± 99% interval were studied. The ®nal sample size was 4663 pairs, corresponding to 3448 women.
Anthropometric measurements were obtained by trained ®eld workers following a standardized protocol (Habicht, 1974) . Length (children younger than 24 months) and height (children 24 ± 59 months), in centimeters, were converted to Z-scores for age and gender of the NCHSaWHO reference population (Hamill et al, 1979) to permit comparisons and to follow international guidelines for analysis of anthropometric data (World Health Organization, 1995a) . Children with a height-for-age Z-score value lower than 7 2 were classi®ed as stunted (World Health Organization, 1983 , 1995a ), a condition used as our binary response variable. Maternal height, in centimeters, was our main exposure variable; heights less than 145 cm were classi®ed as short stature, in accordance with previous international reports ( ACCaSCN, 1992) . Maternal body mass index (BMI), weight (kg)aheight m 2 , was calculated and classi®ed as underweight, normal or overweight. Underweight was de®ned as less than the 15th percentile and overweight as greater or equal than the 85th percentile of age-speci®c reference data for women (Must et al, 1991 a, b) .
Maternal age at birth of the studied child was categorized into three groups: 12 ± 19, 20 ± 34 and 35 ± 49 y. The mother's education was classi®ed into four levels: no education, at least some elementary school, completed high school, and education beyond high school. Child age was classi®ed as follows: under 6 months, 6 ± 11 months, 12 ± 23 months, 24 ± 35 months, and 36 ± 59 months. Mothers reported the children's age at introduction of foods and liquids other than breast milk, and duration of breastfeeding. This information, however, was obtained only for children under 12 months, so we did not use it in our analysis. Diarrhea, respiratory infections and other infections were recorded as dichotomous variables, indicating their presence in the last 14 d.
Environmental factors included as covariates are as follows. Regions: Mexico City, North, Central and South
Maternal short stature and stunting in children S Herna Ândez-Dõ Âaz et al Mexico; ruralaurban: families were classi®ed as living in a rural municipality if more than half of the population of the municipality lived in communities with fewer than 15 000 inhabitants, or an urban municipality when more than half of the population lived in communities with greater than 15 000 inhabitants (Sepu Âlveda-Amor et al, 1990); socioeconomic status (SES): a principal components analysis of household characteristics was performed, including type of ooring, source of household water, type of drainage, sewage disposal and possession of a radio, television, refrigerator, telephone and car. A composite factor was created to represent`socio-economic level of the household', which explained 67.5% of the total variance. Factor scores were calculated for each motherachild pair. These scores were divided into terciles representing low, middle and high SES (Long-Dunlap et al, 1995) , and were considered both as a continuous and as a categorical variable. The proportion of families in each tercile was not exactly 33% due to ties in the scores. Number of household members: three groups were delineated (`4, 4 ± 8, b 8).
Preliminary analysis involved basic descriptive statistics and examination of prevalence rates of stunting within each covariate category using contingency tables. Logistic regression was utilized to assess the association of covariates, individually as well as jointly, with the dichotomous response variable (SAS, 1995) . In the ®rst stage, we ®tted models to assess the associations between a child's stunting and the main variables of interest, maternal height (short stature vs normal) and region (with Mexico City as the reference). In the next stage, we estimated adjusted odds ratios (OR) by adding to the model variables that were signi®cant at the univariate level, using a lenient cutoff point of P 0.10, or that needed to be included in order to control for confounding, assessed by more than 10% change on the main parameter estimates. We also explored whether an individual covariate could be best modeled as categorical or continuous (linear, polynomial, or log transformed), and conducted analyses that included maternal height as a continuous variable. During the model building, BMI and SES were kept as continuous variables. We collapsed categories from other variables since there were no differences in stunting prevalence (education until high school and education beyond high school, children aged between 12 and 36 months, and Mexico City and North regions). The gender of the child was not included since it was not signi®cant and its inclusionaexclusion did not change other parameters. After modeling main effects, we tested for effect modi®cation by including interaction terms between region and maternal height.
The interpretation of the results from this cross-sectional study may be dif®cult due to the fact that nutritional status is a dynamic phenomenon, especially in children under 2 y of age. Therefore we repeated analyses focusing on children over 36 months of age, whose growth would have been already delayed. Another important characteristic of this particular study is that observations may not be independent, given that each mother might be matched to more than one child (on average, two children). Since repeated measures analysis accommodates this type of dataset with clustered data, we used generalized estimated equations (GEE; Liang & Zeger, 1986) to estimate robust 95% con®dence intervals (CI) and compared the results with the simple logistic regression results presented below. Table 1 displays health and socio-demographic characteristics of the mothers and children in the analytic sample. The prevalence of short stature was 18.8% in children and 9.9% in women. Strati®ed by region, the prevalence of stunting ranged from around 11% in the North and in Mexico City to 33.7% in the South, mirrored by differences in prevalence of maternal short stature. The largest socioeconomic disparities occurred between Mexico City, with 4.8% of the families in the lowest SES tercile and 52.6% in the highest SES tercile, and the South, with 58.8% of the families living in the lowest and 18.2% living in the highest SES tercile. The prevalence of women with no education was 22.7% in the South and 3.8% in Mexico City. Strati®ed by maternal stature, the prevalence of stunting was 16% in children with normal height mothers and 42.9% in children with short mothers. Table 2 displays crude and adjusted odds ratios for our main variables of interest. The associations changed with adjustment for child factors (model 1), child and mother factors (model 2), and child, mother and socio-economic factors (model 3). The association between maternal and child short stature decreased, as we controlled for other covariates in successive models, from a crude OR of 4.0 (95% CI: 3.2 ± 4.8) to an adjusted OR of 2.0 (95% CI: 1.6 ± 2.6). Odds of stunting increased in the South, and with child's age, lower maternal education, rural residence, low socio-economic status, in crowded households, and with infections other than respiratory and diarrhea in the last 2 weeks.
Results
We also ®tted the ®nal model including maternal height as a continuous variable (data not shown). Stunting in children was associated with the height of the mother, with an OR of 0.92 (95% CI: 0.91 ± 0.94) corresponding to a 1 cm increase in mother's height, after adjusting for the other possible risk factors for stunting. This implies that a 10 cm increase in mother's height would correspond to an OR of 0.4. That is, the odds of encountering a stunted child of a woman who is 160 cm tall, for example, would be less than half as great as the odds of ®nding a stunted child of a 150 cm tall mother.
In the models presented up to this point there were no interaction terms between regions and maternal height (as a binary variable). Upon their inclusion we found that the magnitude of the association between maternal and child stature differed across regions. The association was stronger in the North ± Mexico City combined category as compared with the Central (P-value 0.078), or South (P-value 0.002) regions. Four separate models were also constructed, one for each region. The OR between maternal and child short stature was higher in Mexico City (OR 3.9; 95% CI 2.2 ± 7.1) and the North region (OR 3.1; 95% CI 1.4 ± 6.9) and lower in the South (OR 1.6; 95% CI 1.1 ± 2.2) and in the Central (OR 2.0; 95% CI 1.1 ± 3.5) regions (Table 3 and Figure 1 ). Moreover, adjustment for environmental covariates changed crude ORs less in Mexico City and the North as compared with the South and Central regions.
When we repeated the analysis focusing on children over 36 months of age, neither maternal nor regional associations with child stunting differed from the results presented. As a concluding analytic step, we ®tted ®nal models using repeated measures techniques. The results were very similar, and the inferences that could be drawn Maternal short stature and stunting in children S Herna Ândez-Dõ Âaz et al from this GEE analysis were the same as the ones from the logistic regression.
Discussion
Our analysis was aimed at clarifying a potential association between maternal and child short stature in a country undergoing an epidemiological transition. We found that short stature in the mother was associated with a higher prevalence of stunting in her children, although adjustment for environmental conditions attenuated the association.
From the results, we may infer that socio-economic determinants related to short stature in both mother and child may explain part of the association between maternal and child height. A combination of shared environmental factors may modulate the constitutional genetic backgrounds, impairing the ful®llment of height potential in both mother and child. Previous publications have suggested that part of the parent ± child correlation in malnourished populations may be attributed to the environment (Martorell et al, 1977; Martorell & Habicht, 1986) . Only with an improved environment during childhood could we discern the real in¯u-ences on stature mediated through genetic factors. Regions were de®ned considering anthropometric information from previous studies, the political limits of each state, demographic contiguity and the existing budget for Underweight was de®ned as body mass index less than the 15th percentile and overweight as greater or equal than the 85th percentile of age-speci®c reference data. *Chi-Square P-value 0.001 in regional comparisons.
Maternal short stature and stunting in children S Herna Ândez-Dõ Âaz et al the project (Sepu Âlveda-Amor et al, 1990) . The northern region was predominantly industrial with high density of urban population and per capita income (PCI) above the national average. The central region was similar to the northern region, but states exhibited greater economic heterogeneity. Mexico City had the highest proportion of population living in urban areas and greatest food availability of all the regions. The southern region was mostly rural, with the lowest PCI of all the regions, and a high density of indigenous people. The National Population Council of Mexico reported that the South had higher levels of socio-economic marginalization than the North and Mexico City (CONAPO, 1995) , but also was economically heterogeneous due to states that were oil producers 12.18 (6.5 ± 23.0) 13.90 (7.3 ± 26.5) 15.19 (7.9 ± 29.2) 14.36 (7.4 ± 27.7) Mother's body mass index: Adjusted by child age (0 ± 6, 6 ± 12, 12 ± 36, b 36), maternal age (`19, 20 ± 34, 35 ± 49), mother's body mass index, mother's education (none, elementary, high school or beyond), municipality (urban, rural), SES, numbers of people in the household (`5, 5 ± 7, b 7), and infections other than diarrhea or respiratory infections during the last 14 days. Stunting was de®ned as height-for-age Z scores`7 2. Maternal short stature and stunting in children S Herna Ândez-Dõ Âaz et al (like Tabasco) or had tourism income (like Quintana Roo) (Kunz and Cortina, 1986) . Two conclusions may be drawn from regional comparisons in our study, one from the measures of prevalence and the other from the measures of association. Firstly, a greater prevalence of child short stature in the South may re¯ect a predominance of environmental conditions associated with child stunting, but also may re¯ect ethnic differences in growth potential, since this is the region that holds the largest proportion of the indigenous population (INN, 1997) . Our results suggest that regional differences in short stature are due mainly to economic factors, inasmuch as those differences were diluted once we adjusted by socio-economic variables. That is, the relative importance of region on child short stature diminishes when we substract the socio-economic component from it. In fact, with a better control for environmental factors, regional differences would probably disappear. So, as some authors have suggested, linear growth may even be independent of ethnicity in developing regions . Our results are consistent with other studies at an international level, in which about three-quarters of the variability among countries in the prevalence of stunting could be explained by socio-economic factors (Frongillo et al, 1997) .
Secondly, we tried to document evidence of polarization, looking for heterogeneous patterns of short stature within mother ± child pairs across regions. The crude OR for the association between mother and child short stature doubled from South to North. Similarly, a strati®ed analysis in Chile has found that maternal short stature is associated with a two-fold increase in risk of child short stature among low socio-economic levels, compared with a more than four-fold increase among high socio-economic levels (Amigo et al, 1997) . In a review of 24 studies, Mueller found that parent ± child correlation for stature was higher in European than in non-European countries. One potential explanation was that some non-European samples were experiencing some degree of malnutrition, and the additional stress of nutritional de®ciency might increase the environmental component of stature variability (Mueller, 1976) . The weaker association in poorer groups may be attributed to the overwhelming impact of environmental factors on growth, which leaves little space for maternal in¯uences. In Mexico, adverse conditions in the South may be impairing ful®llment of height potential, obscuring inherited similarities.
Furthermore, when we controlled for socio-economic factors, the association between maternal and child stature decreased more in poorer regions. Therefore, within that smaller effect of maternal factors in the South, a greater proportion still may be explained by common extrinsic, and not genetic, determinants. This ®nding is consistent with previous publications, which found that in less developed areas much of the variation in height is the result of environmental in¯uences on linear growth, especially those that affect growth in the ®rst few years of life (Martorell et al, 1977; Martorell & Habicht, 1986) .
In terms of other associations, we found that the variables representing socio-economic status showed the strongest association with child stature, compared to the other covariates considered. The prevalence of stunting was associated with lower SES levels, overcrowding in the home and lower maternal education. Similar results have been found in other studies (Islam et al, 1994; Cochrane et al, 1980; Mosley & Chen, 1984; Kuh & Wadsworth, 1989) . The prevalence of stunting increased gradually over the child's age, consistent with growth retardation following exposure to adverse external conditions that exist in spite of being born with high stature potential (Allen, 1994; Beaton, 1993; Victoria, 1992) .
We acknowledge some potential limitations to the study. More appropriate socio-economic indicators, such as income or food expenditure, as well as usual dietary intake or illness patterns and incidence, would have permitted greater control for confounding in the analysis. These unmeasured factors could have explained part of the association between maternal and child short stature remaining in our adjusted ®nal model. Hence, the ®nal adjusted association is a compendium of genetic heritage, intra-uterine environment, and residual effects of common external factors insuf®ciently accounted for in the analysis (due to limitations inherent in national surveys that require cross-sectional methods that minimize respondent burden and study cost). Similarly, given the cross-sectional survey design, we were able to account for current environmental conditions of the family, but lacked information on the SES of the parents when they were children. However, control for past SES is unnecessary for the purpose of this study, since the two pathways through which past SES may affect child short stature (maternal stature and current SES) are considered in the analysis. Moreover, mobility among social classes and geographic regions, and economic changes during the 1980s, will make maternal childhood SES a poor surrogate for the SES currently affecting her children.
Short stature in women has been de®ned previously as a height of less than 145 cm (ACCaSCN, 1992) , but the use of arbitrary cutoff points to de®ne low and high maternal stature might lead to spurious conclusions. Because of that, we also ®tted a model with height as a continuous variable. With a linear term for mother's height, we did not ®nd a statistically signi®cant interaction between maternal short stature and regions, probably due to a nonlinear relationship.
The exclusion of pregnant women and women without children may affect the representativeness of the sample if the nutritional status of these groups differed from the analytic sample. Nevertheless, we were interested in studying the particular associations described in our main hypothesis (that is association between maternal and child stature) and not in describing nutritional status at the national level, reported elsewhere Sepu Âlveda-Amor et al, 1990) . One ®nal limitation of observational studies in general, and in cross-sectional studies in particular, is that causality can never be ascertained. Although able to identify factors associated with child stunting, we cannot assume that stunting is a consequence of the reported factors, mainly because we are studying prevalence, and because unmeasured factors may be confounding the results. However, the relative contribution of risk factors for child stunting gains strength insofar as the results are consistent with other studies. Moreover, the temporal order between maternal and child stature can be presumed, even when dealing with prevalent outcomes.
In summary, we found that the association between maternal and child short stature was stronger in wealthy regions, and that the contribution of socio-economic factors to this association was substantial, particularly in poorer regions. These ®ndings support the relevance of improving Maternal short stature and stunting in children S Herna Ândez-Dõ Âaz et al external conditions during childhood as means to facilitate ful®llment of height potential. Poor growth re¯ects not only past malnutrition, but also risk of present or future metabolic problems. Some authors have proposed that syndrome X (an entity characterized by obesity, noninsulin-dependent diabetes mellitus (NIDDM), dyslipidemias and cardiovascular diseases (CVD)) should be renamed`the small baby syndrome' due to the association between LBW and the development of these diseases in adult life (Barker et al, 1993; Dorner & Plagemann, 1994) . Stunting has also been associated with diminished intellectual capacity and impaired work performance later in life, with the corresponding adverse economic consequences (Allen, 1995; Pollitt et al, 1995; Haas et al, 1996; Martorell et al, 1992 Martorell et al, , 1996 Pelletier et al, 1995) . Investments in proper interventions to alleviate environmental determinants, fundamentally in regions delayed in the epidemiologic transition, would diminish the prevalence of short stature and functional consequences later in life.
